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Figure 4 A-B
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METHOD FOR THE STABILIZATION OF
CHIMERIC IMMUNOGLOBULINS OR

IMMUNOGLOBULIN FRAGMENTS, AND
STABILIZED ANTI-EGP-2 SCFV FRAGMENT

The present application 1s a Divisional of U.S. patent
application Ser. No. 09/971,543, filed Oct. 4, 2001, which

1ssued as U.S. Pat. No. 7,033,798 on Apr. 25, 2006 which 1s
a continuation of International Application No. PCT/EP00/
03176, filed on Apr. 10, 2000. which claims prionty to
European Patent Application No. 99 10 7030.1, filed Apr. 9,
1999, the contents of which 1s incorporated herein by
reference 1n its entirety.

FIELD OF THE INVENTION

The present invention relates to a method for stabilizing
chimeric immunoglobulins or immunoglobulin fragments.
Furthermore, the invention also provides a stabilized anti-
EGP-2 scFv fragment.

BACKGROUND OF THE INVENTION

Small antibody fragments show exciting promise for use
as therapeutic agents, diagnostic reagents, and for biochemi-
cal research. Thus, they are needed 1n large amounts, and the
expression of antibody fragments, e.g. Fv, single-chain Fv
(sckFv), or Fab 1n the periplasm of E. coli (Skerra & Pliick-
thun 1988; Better et al., 1988) 1s now used routinely 1n many
laboratories. Expression yields vary widely, however, espe-
cially in the case of scFvs. While some fragments yield up
to several mg of functional, soluble protein per litre and OD
of culture broth in shake flask culture (Carter et al., 1992,
Plickthun et al. 1996), other fragments may almost exclu-
sively lead to insoluble material, often found 1n so-called
inclusion bodies. Functional protein may be obtained from
the latter 1n modest yvields by a laborious and time-consum-
ing refolding process. The factors influencing antibody
expression levels are still only poorly understood. Folding
clliciency and stability of the antibody fragments, protease
liability and toxicity of the expressed proteins to the host
cells often severely limit actual production levels, and
several attempts have been tried to increase expression
yields. For example, Knappik & Plickthun (1995) have
identified key residues in the antibody framework which
influence expression yields dramatically. Similarly, Ullrich
et al. (1995) found that point mutations in the CDRs can
increase the yields in periplasmic antibody fragment expres-
sion. Nevertheless, these strategies are only applicable to a
tew antibodies.

The observations by Knappik & Pliickthun (1995) indi-
cate that optimising those parts of the antibody fragment
which are not directly involved in antigen recognition can
significantly improve folding properties and production
yields of recombinant Fv and scFv constructs. The causes
tor the improved expression behaviour lie 1n the decreased
aggregation behaviour of these molecules. For other mol-
ecules, fragment stability and protease resistance may also
be aflected. The understanding of how specific sequence
modifications change these properties 1s still very limited
and currently under active investigation.

Single-chain Fv fragments (scFvs) are recombinant anti-
body fragments consisting of the variable domains of the
heavy and light chain; connected by a flexible peptide
linker . These fragments conserve the monovalent binding
aflinity and the specificity of the parent mAb and can be
efficiently produced in bacteria™*. ScFvs can be constructed
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2

by cloning the variable domains of a mAb showing inter-
esting binding properties from hybridoma cells or by direct
selection of scFv fragments with the desired specificity from
immunized or naive phage libraries'> '°. Frequently scFvs
cloned from hybridomas show poor production yields and
low thermodynamic stability which limit their usefulness for
in vivo applications'’, whereas scFvs selected from phage
libraries have already undergone selection not only for
antigen binding, but also for stability and folding properties
in the scFv format'®.

For therapeutic applications, human antibodies or anti-
body fragments are preferred to avoid an immune response
¢.g. against a murine antibody fragment derived from a
monoclonal antibody (HAMA response). To solve that prob-
lem, human antibody fragments can be obtained by screen-
ing human antibody libraries (EP-A1 0 839 841; Vaughan et
al., 1996). Another solution 1s to transplant the specificity of
a non-human monoclonal antibody by grafting the CDR
regions onto a human framework (EP-B1 0 239 400). In an
improvement of said technique, humanized antibodies or
antibody fragments with improved binding behavior can be
produced by incorporating additional residues derived from
said non-human antibody (EP-B1 0 451 216). In addition to
achieving humanization, these techmques allow to “repair”
scFv fragments with suboptimal stability and/or folding
yield by grafting of the CDRs of a scFv fragment with the
desired binding afhnity and specificity onto the framework
of a different, better behaved scFv, as was shown for the
fluorescein binding antibody fragment 4-4-20 whose CDRs
were grafted on the 4D5-framework, leading to a clear
improvement of both expression yield and thermodynamic
stability™®. The 4D5 framework itself is an artificial frame-
work resulting from the human consensus sequence and was
used for the humanization of the anti-c-erbB2 (p1857¢>-
ECD) 4D5 mAb (Herceptin™)'”. Later studies showed the
above average thermodynamic stability of the 4D5 antibody
fragment>”, which correlates to the thermal stability of this
molecule (Woérn and Plickthun, 1999) and 1s apparently of
general importance for the 1 vivo application of scFvs.

The murine monoclonal antibody (mAb) MOC31 recog-
nizes the 38 kDa transmembrane epithelial glycoprotein-2"
(EGP-2; also known as GA733-2, Ep-CAM or KSA). EGP-2
1s regarded as a suitable target antigen for tumor imaging
and therapy, since 1t 1s highly overexpressed on a variety of
human carcinomas and 1s not shed into the circulation.
Several clinical trials with anti-EGP-2 mAbs such as 17-1A,
KS1/4 and MOC31°*°** demonstrated the potential of these
antibodies for active and passive immunotherapy of human
carcinomas. The exact function of the transmembrane gly-
coprotein EGP-2 1s not yet known, although a role 1n
cell-cell association has been proposed (Simon et al., 1990).
Recent reports identify EGP-2 as a homophilic cell-cell
adhesion molecule™® and EGP-2 has been identified as a
potential modifier of invasiveness and chemoresponsive-
ness’. In a study evaluating the potential of new immuno-
therapeutics targeted to EGP-2, exotoxin-A (ETA) chemi-
cally tused to mAb MOC31 was found to retard the growth
of large-tumors®.

Carcinoma-associated antigens such as c-erbB2 and EGF-
receptor, as well as EGP-2 have served as targets for
radiolabelled antibodies for tumor imaging and therapy.
Effort have been made to improve the targeting efliciency by
reducing the molecular weight and thereby increasing the
tissue penetration and serum clearance of such antibody-
based constructs.

Fab, (Fab)?, dsFv and scFv fragments, generated by
recombinant antibody technology, have great potential in
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this respect™ although up to now the optlmal formats
concerning stability, molecular weight and atlinity have not
been determined and have to be fine-tuned for the different
antibody-eflector fusion proteins depending on the special 1n
vivo system and application goal'’.

For the development of new antibody fragment based
imaging and therapeutic reagents directed to the pancarci-
noma associated antigen epithelial glycoprotein-2 the vari-
able domains of the murine anti-EGP-2 hybridoma MOC31
was cloned in the single-chain Fv fragment format
Although the resulting scFv showed the expected binding
afhinity and specificity towards EGP-2, which was also
shown on tissues sections 1n immunohistostaining experi-
ments by others™”, it was poorly expressed in the periplasm
of bacteria. In vivo targeting experiments in nude mice
employing this scFv fragment failed. The scFv not only did
not accumulate 1n the tumor, but also showed slower clear-
ance rates than an 1rrelevant control scFv directed against
fluorescein. It could be shown that the MOC31 scFv formed
high molecular weight aggregates and rapidly lost its activ-
ity when incubated in serum at body temperature (37° C.).
This was primarily due to insuflicient thermal stability rather
than proteolytic degradation, since similar precipitation and
loss of immunoactivity could also be observed upon 1ncu-
bation of highly purified scFv in PBS at 37° C.

To derive from this aggregation-prone and thermally
instable scFv a molecule suitable for immunotherapeutic
application, the biophysical properties of the construct had
to be improved. Basically, two avenues were open to
approach this goal: In-vitro evolution of the MOC31 scFv
towards better thermal stability by combining randomization
with selection for improved functionality™ at elevated tem-
perature or the transier of the binding specificity of the
anti-EGP-2 scFv MOC31 onto a scFv framework with above
average biophysical properties by CbR grafting'®. Although
the first option has been successiully used to achieve
extremely stable scFvs>>, the second option had the added
advantage that by choosing a human framework sequence
for the graft, a humanization could be achieved at the same
time, thus reducing the potential immunogenicity of future
immunotherapeutic reagents. It was therefore decided to
graft the anti-EGP-2 scFv MOC31 binding specificity onto
the artificial human consensus framework of scFv 4DS3,
essentially corresponding to the germline sequences IGVH
3-66 and IGVK 1-39 (IMGT). Grafting of complementary
determining regions (CDRs) of mAbs for humanization has
been used more than 100 times for humanization'® and can
now be regarded as a standard technology. The 4D3 frame-
work has been used successtully several times before as an
CDR acceptor™"'°-°,

This strategy proved successful, since the graft variant
4D5SMOC-A showed binding characteristics 1ndistinguish-
able to those of the parent antibody and scFv.

However, 4D5SMOC-A showed only a thermal stability
intermediate between that of the two parent molecules 4D5
and MOC31.

Biodistribution data indicated, that scFv MOC31, which
lost most of 1its activity within less than 1 hour at 37° C.
failed to enrich at the tumor, the graft vanant 4D3MOC-A,
stable for a few hours at 37° C. enriched only slightly.

9,10

DESCRIPTION OF THE INVENTION

Thus, the technical problem underlying the present inven-
tion 1s to provide a method which enables the stabilization
of chimeric immunoglobulins or immunoglobulin fragments
formed by CDR-grafting approaches. A further technical
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problem underlying the present invention 1s to stabilize the
chimeric anti-EGP-2-binding scFv fragment 4D5MOC-A.
The solution to the above technical problems 1s achieved by
the embodiments characterized in the claims. Accordingly,
the present invention allows to 1identity and modify residues
of the chimeric immunoglobulins or immunoglobulin frag-
ments which lead to increased stability. The technical
approach of the present invention, 1.e. the identification and
exchange of amino acid residues 1n the framework regions
of the VH domain to stabilize chimeric immunoglobulins or
immunoglobulin fragments formed by CDR-grafting
approaches 1s neither provided nor suggested-by the prior
art.

Thus, the present invention relates to a method for stabi-
lizing a chimeric immunoglobulin or immunoglobulin frag-
ment (chimera) being able to bind to an antigen, wherein
said chimera comprises a VH and a VL domain comprising

1) antigen-binding loops derived from a donor immuno-
globulin or immunoglobulin fragment (donor) which is
able to bind to said antigen, and

11) framework regions derived from an acceptor immuno-
globulin or immunoglobulin fragment (acceptor), and,
optionally,

111) further residues from said donor 1t required for
improving antigen-binding, and wherein the VH
domains of said donor and of said acceptor belong to
different framework structure subgroups, said method
comprising the steps of

a) comparing the structural features of the VH domains of
said acceptor and of said donor;

b) identifying one or more framework positions in VH
where different amino acid residues present 1 said
acceptor and said donor lead to the formation of
different framework structure subgroups; and

) setting up a stabilized antigen-binding immunoglobulin
or immunoglobulin fragment by replacing 1n the chi-
meric one or more ol the residues present at said
positions 1n the acceptor by those present at said
positions 1n the donor.

In the context of the present application, the following

abbreviations are used:

“Chimera” 1s used instead of the expression “chimeric
immunoglobulin or immunoglobulin fragment”, “donor”
instead of “donor immunoglobulin or immunoglobulin frag-
ment”, and “acceptor” instead of “acceptor immunoglobulin
or immunoglobulin fragment”. The term “chimeric” in the
context of the present invention refers to a molecule com-
posed of portions from two different molecules.

Immunoglobulin-fragments according to the present
invention may be Fv, scFv, disulfide-linked Fv (Glockshuber
et al., 1992; Brinkmann et al., 1993), Fab, (Fab'), fragments
or other fragments well-known to the practitioner skilled 1n
the art, which comprise the variable domain of an 1mmu-
noglobulin or immunoglobulin fragment.

Particularly preterred i1s the scFv fragment format.

The term “antigen-binding loops™ refers to those parts of
the variable domain of immunoglobulins or immunoglobu-
lin fragments which are primarily responsible for antigen-
binding. Kabat et al. (1979) defined complementarity deter-
mining regions (CDRs) as being responsible for antigen-
binding based on the degree of variability found 1n antibody
sequences. Later, Chothia and co-workers defined the anti-
gen-binding loops based on structural considerations. Allazi-
kani et al. (1997) review and compare the definitions accord-
ing to Kabat and Chothia. The term “further residues from
said donor 1f required” refers to the situation that additional
residues outside of the antigen-binding loops are grafted
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onto the acceptor. EP-B1 0 451 216 teaches methods which
allow to 1dentify such further residues.

The analysis according to the present invention involves
the analysis of contacts between framework residues and the
identification of diflerences in hydrogen-bonding patterns,
torsion angles of side chains, changes of the polypeptide
main chain conformation and of the tertiary structure. Par-
ticularly preferred i1s the analysis of the residues 1n frame-
work 1 of the VH domain, and most preferred the analysis
of differences caused by diflerent residues 1n positions H6 to
H10, and the consequences of such differences throughout
the VH domain by interactions with further VH domain
residues and correlated sequence and conformational differ-
ences”'. Differences in positions H6 to H10 can be used to
define different framework structure subgroups.

In the context of the present mmvention, a numbering
scheme 1s used 1n accordance with Kabat et al. (1979). Thus,
the number does not necessarily correspond to the actual
position 1n the sequential order of residues 1n a VH or VL
chain, but indicates a relative position corresponding to the
sequences 1n the Kabat database of antibody sequences. “H”
refers to positions in VH, “L” to positions m VL. Thus, H6
1s residue number 6 according to Kabat in VH.

In a preferred embodiment, the method of the present
invention further comprises that step a) 1s performed by
analyzing VH domain structures and/or structure models.

Data on VH domain structures can be obtained from NMR
studies, or preferably from X-ray structures of immunoglo-
bulins or immunoglobulin fragments. Homology models can
be generated by using different molecular modelling soft-
ware packages available and well-known to the practitioner
skilled 1n the art. Preferably, the molecular modelling soft-
ware Insight97 (Biosym/MSI, modules Homology, Biopoly-
mer and Discover) 1s used.

Preferably, the sequence 1dentity of VH domains used for
structure analysis and/or structure modelling show a high
degree of sequence 1dentity to the corresponding VH domain
ol said donor or acceptor. Preferably, said sequence identity
1s larger than 75%, and most preferably, larger than 80%.

Further preferred 1s a method, wherein said one or more
framework positions comprise H6.

Yet further preferred 1s a method, wherein said one or
more framework positions comprise H9.

In another embodiment, the present invention relates to a

method, wherein said acceptor 1s the human anti-c-ErbB2
scFv fragment 4D35 (SEQ-ID No. 1).

The antic-ErbB2 scFv fragment 4D35 has been described
hereinabove.

In a further preferred embodiment, said donor 1s the

ant1-EGP-2 scFv fragment obtained from the murine hybri-
doma MOC31 (SEQ-ID No. 2).

The murine hybridoma MOC31 and the anti-EGP-2 scFv

fragment obtained therefrom 1s described hereinabove and 1n
the example.

In a yet further preferred embodiment of the present
invention, said one or more framework positions 1n VH are
H6, H9, H18, H20, H38, H63, H82 and H109 (numbering
according to Kabat et al. (1979), see above).

In a still further embodiment, the present invention relates
to a method, wherein said stabilized antigen-binding 1mmu-

noglobulin or immunoglobulin fragment 1s the 1s the anti-
EGP-2 scFv fragment 4D5SMOC-B (SEQ-ID No. 3).

In another embodiment, the present invention relates to an
antigen-binding immunoglobulin or immunoglobulin frag-
ment stabilized according to a method of the present inven-
tion.
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In a most preferred embodiment, said antigen-binding
immunoglobulin or immunoglobulin fragment 1s the anti-
EGP-2 scFv fragment 4D5SMOC-B (SEQ-ID No. 3).

In yet another embodiment, the present invention relates
to a modified antigen-binding immunoglobulin or immuno-
globulin comprising the variable domain of an antigen-
binding immunoglobulin or immunoglobulin fragment sta-
bilized according to a method of the present invention, said
modification being

a) the conversion to a diflerent immunoglobulin fragment
or full immunoglobulin, and/or

b) the attachment of additional moieties, such as detection
or purification tags, reporter molecules, effector molecules,
association domains or combinations thereof.

Said modified immunoglobulin fragments according to
the present invention may be an Fv, scFv, disulfide-linked
Fv, Fab, (Fab'), fragments or other fragment, or a full
immunoglobulin such as IgG, IgA, IgM well-known to the
practitioner skilled in the art, which comprise the variable
domain of said stabilized immunoglobulin or immunoglo-
bulin-fragment and which 1s different from the immunoglo-
bulin or immunoglobulin fragment format of said stabilized
immunoglobulin or immunoglobulin fragment.

Particularly preferred are moieties which have a usetul,
therapeutic function. For example, the additional moiety
may be a toxin molecule which 1s able to kill cells (Vitetta
et al., 1993). There are numerous examples of such toxins,
well known those skilled 1in the art, such as the bacterial
toxins Pseudomonas exotoxin A, and diphtheria toxin, as
well as the plant toxins ricin, abrin, modeccin, saporin, and
gelonin. By fusing such a toxin to an immunoglobulin or
immunoglobulin fragment according to the present mven-
tion, the toxin can be targeted to, for example, diseased cells,
and thereby have a beneficial therapeutic eflect. Alterna-
tively, the additional moiety may be a cytokine, such as IL-2
(Rosenberg & Lotze, 1986), which has a particular eflect (in
this case a T-cell proliferative effect) on a family of cells. In
a Turther preferred embodiment, the additional moiety 1s at
least part of a surface protein which may direct the fusion
protein to the surface of an organism, for example, a cell or
a phage, and thereby displays the immunoglobulin or immu-
noglobulin fragment partner. Preferably, the additional moi-
ety 1s at least part of a coat protein of filamentous bacte-
riophages, most preferably of the genelll protein. In a
further embodiment, the additional moiety may confer on 1ts
immunoglobulin or 1mmunoglobulin fragment partner a
means of detection and/or purification. For example, the
fusion protein could comprise the modified immunoglobulin
or immunoglobulin fragment and an enzyme commonly
used for detection purposes, such as alkaline phosphatase
(Blake et al., 1984). There are numerous other moieties
which can be used as detection or, purification tags, which
are well known to the practitioner skilled 1n the art. Also
provided for by the invention are additional moieties such as
the commonly used c-myc and FLAG tags (Hopp et. al.,
1988; Knappik & Pliickthun, 1994).

By engineering one or more fused additional domains,
immunoglobulin or 1mmunoglobulin fragment, can be
assembled into larger molecules which also fall under the
scope of the present invention. To the extent that the physical
properties of the immunoglobulin or immunoglobulin frag-
ment determine the characteristics of the assembly, the
present invention provides a means of increasing the stabil-
ity of such larger molecules. For example, mini-antibodies
(Pack, 1994) are dimers comprising two sckFv segments,
cach fused to a self-associating dimerization domain.
Dimerization domains which are particularly preferred
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include those derived from a leucine zipper (Pack & Pliick-
thun, 1992) or helix-turn-helix motif (Pack et al., 1993).

All of the above embodiments of the present invention
can be eflected using standard techniques of molecular
biology known to anyone skilled in the art.

In a further preterred embodiment, said modification 1s
the attachment of a penta- or hexa-histidin-tag.

Peptides comprising at least five histidine residues (Ho-
chuli et al., 1988) are able to bind to metal 10ns, and can
therefore be used for the purification of the protein to which
they are fused (Undner et al., 1992). Vectors such as plG-6
(see example) encoding a pentahistidin tail may be used to
produce such modified immunoglobulins or immunoglobu-
lin fragments. In addition; plG-6 provides an N-terminal
FLAG-tag and a C-terminal c-myc-tag for detection pur-
poses.

Further preferred 1s a modified fragment wherein said
penta- or hexa-histidin-tag 1s complexed with a 99mIc-
tricarbonyl moiety.

The His-tag specific 99mTc labeling method has been
described (Alberto et al., 1998). 99mTc-tricarbonyl trihy-
drate forms very stable complexes with the penta- or hexa-
histidine tag. The modified fragments containing a 99m’Ic-
tricarbonyl moiety may be used for radiotherapy or
radioimaging approaches.

In a most preferred embodiment, the present ivention
relates to a modified fragment, comprising the variable
domain of the anti-EGP-2 scFv fragment 4D5SMOC-B (SE-

QID No. 3) according to the present invention.

Further preferred are a nucleic acid sequence or nucleic
acid sequences encoding an antigen-binding immunoglobu-
lin or immunoglobulin fragment according to the present
invention. Depending on the immunoglobulin or immuno-
globulin fragment type, a single nucleic acid sequence, e.g.
for encoding an scFv fragment, or two, e.g. for encoding an
Fab fragment, or more nucleic acid sequences are required.
Preferentially said nucleic add sequences are comprised in a
vector, preferably a vector suitable for sequencing and/or
expression. Said vector comprising said nucleic acid
sequence or nucleic add sequences may be comprised 1n a
host cell.

In a further preterred embodiment, the present invention
relates to a method for the production of a stabilized
antigen-binding immunoglobulin or immunoglobulin frag-
ment according to the present mvention comprising the
expression of one or more nucleic acid sequences according
to the mvention encoding said antigen-binding immunoglo-
bulin or immunoglobulin fragment 1n a suitable expression
system.

The expression system may be expression in a suitable
host. The host referred to herein may be any of a number
commonly used 1n the production of heterologous proteins,
including but not limited to bactena, such as E. coli (Ge et
al, 1995), or Bacillus subtilis (Wu et al., 1993), fungi, such
as yeasts (Horwitz et al., 1988; Ridder et al., 1995) or
filamentous fungus (Nyyssonen et al., 1993), plant cells
(Hiatt, 1990, Hiatt & Ma, 1993; Whitelam et al., 1994),
isect cells (Potter et al., 1993; Ward et al., 1993), or
mammalian cells (Trill et al., 1993). The expression system
may be expression 1n a cell-free translation system, prefer-
ably 1 a coupled in vitro transcription/translation system.
Preferably, such a translation 1s carried out 1n a prokaryotic
translation system. Particularly preterred 1s an E. coli based
translation system such as the S-30 E. coli translation
system. Alternatively, the translation may be carried out 1n
a eukaryotic translation system.
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In a further most preferred embodiment, the present
invention relates to a pharmaceutical composition contain-
ing an antigen-binding immunoglobulin or immunoglobulin
fragment according to the present invention and, optionally,
a pharmaceutically acceptable carrier and/or diluent.

In a yet further preferred embodiment, the present mven-
tion relates to the use of a stabilized immunoglobulin or
immunoglobulin fragment according to the present mven-
tion, or of a modified immunoglobulin or immunoglobulin
fragment according to the present invention for the prepa-
ration of a pharmaceutical composition for the treatment of
human carcinomas.

Further preferred 1s the use of the anti-EGP-2 scFv
fragment 4DSMOC-B, or of a modified EGP-2-binding
immunoglobulin or immunoglobulin fragment according to
the present invention for the preparation of a pharmaceutical
composition for the treatment of human carcinomas.

In a yet further preferred embodiment, the invention
relates to a diagnostic composition containing an antigen-
binding mmmunoglobulin or 1mmunoglobulin fragment
according to the present invention.

In a still further preferred embodiment, the invention
relates to a diagnostic kit containing an antigen-binding
immunoglobulin or immunoglobulin fragment according to
the present invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1

Sequence alignment of the VL. and VH domains of scFv
MOC31 (SEQ ID NO: 4 and SEQ ID NO:8), 4DSMOC-A
(SEQ ID NO: 5 and SEQ ID NO: 9), 4D5SMOC-B (SEQ ID
NO: 6 and SEQ ID NO: 10) and 4D5 (SEQ ID NO: 7 and
SEQ ID NO: 11): (A) Positions of sequence agreement
between MOC31 and 4D5 are indicated by black letters on
a gray background, residues which agree with 45 but are
different from MOC31 by black letters on a white back-
ground and residues which agree with MOC31 but not with
4D5 are indicated by white letters on a black background.
Residue labels and CDR defimitions are according to Kabat
(1987). (B) indicates residues buried in the domain core or
interface, (b) semiburied residues. (¢) and (*) indicate poten-
tial antigen contact residues, detected by a large (¢, >40%)
or small (->1%) loss of side chain solvent accessible surface
upon complex formation, averaged for this position over all

different protein-antibody complexes in the PDB database.
Model of the scFv fragment 4DSMOC-B: (B) Quatemary

structure of the anti-EGP-2 scFv fragment 4D5MOC-B,
composed of VL (grey) and VH (white) with transferred
potential antigen contact residues of MOC31 (black). The
cight additional transferred murine residues 1n the core of
VH are hughlighted (black side chams) A space ﬁlhng model
shows 4D3MOC-B 1n the top view (C) and bottom view (D).
Black balls are of murine and white of 4D5 origin, while
grey balls are the same 1n 4D35 and MOC31.

FIG. 2

Result of purification of scFv 4D5SMOC-A and 4D5MOC-
B. SDS-PAGE under reducing conditions shows the result of
the purification of scFv 4D3SMOC-A and 4DSMOC-B after
IMAC and subsequently performed 10n exchange.

|[MW standard phosphorylase b (97.4 kDa); bovine serum
albumine (66 kDa); ovalbumine (44 kDa); carbonic anhy-
drase (29 kDa); trypsin inhibitor (21.5 kpa); lysozyrie (14.3
kDa)]

FIG. 3

Binding experiments with 99mTc-labelled 4D5MOC-A
and -B (RIA).
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(A) Competition RIA of Tc-labelled 4D5SMOC-A and
4D5SMOC-B on SW2-lung cancer cells with MOC31. Fifty
ng radiolabelled scFv fragment were incubated with or
without-MOC31 (10 ug) or with the same amount of an anti
c-erbB2 monoclonal antibody as an irrelevant inhibitor.

(B) Binding specificity of 99 mIc labelled 4D5SMOC-A
and 4D5MOC-B on different antigens (500 ng/well).

FI1G. 4

Check of Thermal and Serum Stability

Gel filtration over superdex 75 column before and after
overnight incubation (20 h) at 37° C. of 4D5MOC-A (A)
and, 4D5MOC-B (B). Determination of remaining immu-
noactivity of “”"'Tc-labelled anti-EGP-2 scFv fragments
before (C) and after overnight (D) incubation i human
serum at 37° C. by incubation by Uindmo-assay~".

The example illustrates the invention.

EXAMPLE

Material and Methods

Mammalian Cell Lines

The human small cell lung carcinoma cell line SW2,
kindly provided by Dr. S. D. Bemal (Dana Farber Cancer
Institute, Boston, Mass., USA) and breast cancer cell line
SK-BR-3 (#HTB 30, American type culture collection,
Rockville, Md.) were maintained in RPMI 1640 (Hydone,
Europe. Ltd.) based medium supplemented with 10% fetal
calf serum (Gibco, Grand Island, N.Y.) and grown at 37° C.
under an atmosphere ot 5% CO,. The breast cancer cell line
SK-OV-3, (#HT 77, American type culture collection, Rock-
ville, Md.) was grown in RPMI 1640, supplemented, with
EGF (10 ng/ml) and 1nsulin (5 ng/ml).

Epithelial Glycoprotein-2 (EGP-2) and Single-Chain Fv
Fragments

The human epithelial glycoprotein-2was produced as a
recombinant soluble protein (M1-F259) with an six-histi-
dine C-terminal tag by use of the expression vector pBB4/
GA-733-2 1n the baculovirus expression system (Invitro-
gen). The anti-EGP-2scFv fragment (scFv MOC31) was
assembled from mRNA 1solated from the murine hybridoma
cell line MOC31" by using a reengineered phage display
system described before'®. The single-chain Fv fragment
from the human anti-c-erbB2 antibody 4D3 had been con-

structed from the Fab fragment (Carter et al,) and had been
used in several studies before*'=°.

Molecular Modeling/Construction of Graft

A homology model of the anti-EGP-2 scFv fragment was
generated using the molecular modelling software Insight97
(Biosym/MSI, modules Homology, Biopolymer and Dis-
cover). The V,; domain model based on the x-ray structures
of the mouse Fab fragment JEL 103 (**, Brookhaven Data
entries Imrc, 1mrd, 1mre and 1mrf, 2.3%-2.4% resolution,
76% sequence 1dentity to MOC31), the V,, domain model
was based on the structure of an anti-neuraminidase Fab
(****, pdb entries 1nca, Incb, 1 ncc and 1ncd, 2.5% reso-
lution, 85% 1dentity) and the CDR H3 conformation of the
anti-choleratoxin Fab TE33 (*°, pdb entry ltet, 2.3% reso-
lution, 82% 1identity). The MOC31 domain models were
superimposed on the crystal structure of the Fv of human-
ized 4D5 version 8 (*°, pdb entry 1fvc, 2.2% resolution, V,
55% 1dentity, V,,: 50% i1dentity to MOC31). Potential anti-
gen contacts were 1dentified by comparing the side chain
solvent accessible surface of known antibody-protein com-
plexes 1n the presence and absence of the ligand using the
program naccess (S. Hubbard and J. Thomton, 1992,
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http://_sjh.bi1.umist.ac.uk/naccess.html). The models were
checked for possible steric contlicts, potential antigen con-
tacts and residues which might have an indirect influence on
CDR conformations, resulting in the hybrid scFv 4D5SMOC-
A. In a second construct, sckFv 4D5SMOC-B, 8 key residues
in the core of V., were retained from the MOC31 sequence
instead of changing them to the 4D3 sequence 1n order to
preserve the structural subtype of the MOC31 V,, frame-
work.

The designed sequence for both variants were backtrans-
lated (GCG-package) and the fragments were constructed by
gene synthesis®’ from eight overlapping oligonucleotides for
V, and ten for the two different variants of V., 1n the
orientation V,-linker-V ... The length of the used oligonucle-
otides was between 40 bp and 78 bp. EFach domain was
produced separately and cloned blunt-ended mto the pBlue-
script vector (Strategene) and was subsequently sequenced.
V, and V. domains were then cloned 1nto the expression

vector plG6 (Ge etal., 1995). A 24-mer non-repetitive linker
TPSHNSHQVPSAGGPTANSGTSGS (SEQ ID NO: 12)28

was then introduced by cassette mutagenesis via Aflll and
BamHI restriction sites.

Expression and Purification of Single-Chain Fv Fragments

For periplasmic expression of the c-erbB2 binding scFv
fragment 4D5 and the EGP-2 binding scFv fragments
4D5SMOC-A and 4D5MOC-B, the plG6 vector was used,
while the pAK400 vector'® was used for the expression of
sckv MOC31. For large scale production, the E. coli strain
SB536 (Bass et al., 1996) was used. One liter of dYT
containing 1% glu and Ampicillin (30 ng/ml) 1n a 5 1 shake
flask was 1moculated with 30 ml of overnight culture. When
the culture reached an OD..,, =01 0.5, scFv production was
induced with a final concentration of 1 mM 1sopropyl-D-
galactopyranoside (IPTG; Boehringer Mannheim) for three
to Tour hours at 24° C. The final OD, was five-six for 4D3,

4D5SMOC-A 4D5MOC-B and four for scFv MOC31. The
harvested pellet was stored at —-80° C.

For purification the pellet from 1 liter culture was re-
suspended 1n 20 mM Hepes pH 7.0, 30 mM NaCl and lysed
with two cycles 1n a French Pressure Cell press. (SLS
instruments Inc., Urbana Ill., USA). The cleared lysate was
centrifuged 1n a SS-34 rotor at 48246 g at 4° C. and filter
sterilized. All single-chain Fv fragments were purified over
a Ni"-IDA-column and HS/M-4.6/100-ion exchange col-
umn, coupled mn-line on a BIOCAD-System (Perceptive
BioSystem-Inc.). as described previously (Plickthun 1996,
book chapter). After loading the lysate on the Ni17-IDA-
column the column was washed with 20 mM Hepes pH
7.0, 500 mM NaCl, and 1n a second step with 20 mM Hepes
pH 7.0, 40 mM imidazole before bound protein was eluted
with 200 mM mmidazole, pH 7.0. The eluate was loaded
directly on the HS/M-4.6/100-10n-exchange-column, and
the specifically bound protein was eluted with a salt gradient
from 0 to 500 mM NaCl in 20 mM Hepes pH 7.0. The
fraction containing the antibody fragment was dialyzed
against an excess ol PBS and concentrated to 1 mg/ml using
a 10 kDa cutofl filter (Ultratree-MC low protein binding,
Millipore) by centrifugation at 4000 g at 4° C. For the
anti-EGP-2 scFv fragment MOC31 1t was necessary to
perform a preparative gel filtration over a Superdex’/5
column (Pharmada) as the third purification step which
lowered the final yield again ten-fold. The result of the
purification was checked on a 12.5% SDS-PAGE under
reducing conditions. The molecular weights of all purified
scFvs were checked by mass spectrometry.
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His-tag Specific””” Technetium Labeling of Single-Chain
Fv Fragments

“MTe-tricarbonyl trihydrate (Alberto et al., 1998). forms
very stable complexes with the penta- or hexahistidine-tag,
thereby making dual use of the His tag which 1s present for
immobilized metal athnity chromatography (IMAC) purifi-
cation. The scFv fragments (1 mg/ml) were mixed with
one-third volume of ”””technetium-tricarbonyl (30 mCi/ml)
in bufler and on&third volume of 0.5 M MES pH 6.2 and
incubated for thirty minutes at 37° C. ScFv MOC31 was
labelled for 30 min at 30° C. at a protein concentration of
400 ng/ml to avoid precipitation. The reaction mixture was
desalted over a Fast desalting column (Pharmada) equili-
brated with PBS. Aliquots of the collected fractions were
measured 1n a scintillation counter to identify the fractions
with the labelled protein.

Analytical Gel Filtration

Analytical gel filtration was performed with the Smart
system (Pharmacia), using a Superdex 75 column. All mea-
surements were carried out in PBS bufler containing 0.005%
Tween-20. The scFv fragments were 1njected at a concen-
tration of 1 mg/ml 1n a volume- of 15 ul before and after
overnight incubation for 20 h at 37° C. The column was

calibrated 1n the same bufler with alcohol dehydrogenase
(150 kDa), bovine serum albumin (66 kDa), carbonic anhy-
drase (29 kDa) and cytochrom ¢ (12.4 kDa) as molecular

mass standards.

Binding Specificity
The binding specificity of the different scFv fragments
was tested by competition with the monoclonal antibody

MOC31. Fifty ng radiolabelled sckFv 4D5SMOC-A or
4D5MOC-B were incubated with 0.5x10° SW2 cells in 200
ul PBS/1% BSA after pre-incubation with or without the
mAb MOC31 (10 ug) or with the same amount of an
anti-c-erbB2 monoclonal antibody as an 1rrelevant competi-
tor for 30 min at 4° C. In three washing steps cells were
centrifuged at 1000 g for 5 min at 4° C., the supernatants
discarded and the cells re-suspended 1n PBS/1% BSA. The
remaining radioactivity was then measured 1n a scintillation
counter. In a further binding experiment both-scFv frag-
ments (50 ng) were incubated with different antigens, coated
(500 ng/well) on a 96 well microtiter plate, to check for
cross-reactivity. The wells were washed three times with
PBS/1% BSA and the radioactivity was determined.

K 5-Determination by RIA and Surface Plasmon Resonance
(BIAcore)

The binding affinity of the ””"*Tc labelled single-chain Fv
fragments was determined on SW2 cells 1n a radioimmu-
noaflinity assay (RIA). SW2 (0.5x10°) cells were incubated
with increasing amounts of single-chain Fv fragment (100
pM-30 nM) for 1 hour at 4° C. For estimation of nonspecific
binding control samples of cells were pre-incubated with a
100-1old excess of unlabelled single-chain. Fv fragment for
1 h at 4° C. The bound fraction of single-chain Fv fragment
was determined in a scintillation counter. Each obtained
value represents the mean of two samples. Counts per
minutes (cpm) were plotted against the nanomolar concen-
tration of single-chain Fv fragment and fitted with the
non-linear regression function.

Kinetic rate constants were determined by surface plas-
mon resonance (SPR) with a BIAcore instrument. Recom-
binant soluble EGP-2-antigen was covalently coupled to a
CM-35 sensor chip via free amine groups resulting, in a
surface coverage of 350 resonance umts. Single-chain Fv
fragments were injected 1n increasing concentrations (0.1
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nM 4.4 uM) at a flow rate of 30 ul/min of degassed
PBS5/0.005% Tween-20. Association and dissociation rate
constants were calculated from the sensorgram the by a
global curve fit using the Bl Aevaluation 3.0 software (Phar-
macia).

Serum Stability of Radiolabelled scFv at 37° C.

The fraction of single-chain Fv fragments remaining
immunoactive after radioactive labeling was determined as
described previously””. Samples containing different num-
bers of cells (0.625x10°-10x10°) were incubated in 100 pl
with fifty ng of radiolabelled scFv fragments for 1 h at 4° C.
on a shaker. Unspecific binding was determined on control
samples of cells pre-incubated with a 100-fold excess of
unlabelled scFv fragments in PBS/1% BSA. After three
washing steps, the amount of bound scFv fragments was
then determined 1n a scintillation counter. Each reported
value represents the mean of the result of two samples. For
calculation of the immunactivity total counts per minute
(cpm) were divided by measured cpm value for bound
protein and then plotted against inverse cell number and
fitted by linear regression. The imnverse y-intercept in percent
gives the percentage bioactive single-chain Fv fragments. To
estimate the stability of the different radiolabelled single-
chain Fv fragments in serum, the molecules were incubated
overnight (20 h) in human serum at 37° C., at a final
concentration of 17 ug/ml and the remaining immunoactiv-
ity determined in the Lindmo assay.

In vivo Characterization—Clearance and Biodistribution

Blood clearance studies were performed with eight-week-
old, tumor free female CD1 nude mice. Each mice received
i.v. 300 uCi of "™ Tc labelled scFv 4D5SMOC-B. After 7.5,
15, 30, 60, 120, and 240 minutes following 1njection, blood
samples were taken, and tl2a and tY2f3 value was calculated
from the measured radioactivity. Biodistribution study of
»?"Tc labelled scFv fragment 4D5SMOC-B was done in
six-week-old CD1 nude mice bearing 13 days old SW2
xenograits (40-80 mg). Each mouse of three groups of four
mice received 30 ug radiolabelled scFv (300 uCi). Biodis-
tribution analysis of ””"Tc labelled scFv MOC31 was per-
formed in seven-week-old Black-nude mice (strain bl6
Uwe: B167?) carrying ten-day-old SW2-xenograits (10-40
mg). Each mouse of three groups of three mice was admin-
istered 5 ng ~”"technetium-labelled scFv MOC31 (85 uCi).
Anti-fluorescein binding sckFv FITC-E2 was used as an
nonspecific control antibody. The mice were killed at 1, 4
and 24 hours after injection. Tissue and organs were
removed and assessed for activity using a gamma counter.
The biodistribution analysis with *””"Tc labelled scFv 4D5
was described recently (Waibel et al., 1999).

RESULTS

Molecular Modeling—Construction of Grait

We have constructed the scFv fragment of MOC31 using,
standard phage display methodology'®, determined its func-
tionality and demonstrated a rather high athinity to 1ts antigen
EGP-2 (Table 1), consistent 1in sequence and properties with
an independently constructed scFv MOC31°°. Surprisingly,
the 1n vivo localization of this scFv was hardly distinguish-
able from a control scFv without EGP-2 specificity and
essentially the scFv MOC31 did not localize to a
xenografted tumor (table 2). We therefore hypothesized that
this protein 1s not stable enough and designed two more
stable variants, first, by grafting the loops to a well-charac-
terized stable framework and second, additionally changing
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several residues in the interior of one of the variable
domains. As the recipient framework, we chose the human-
ized version: of 4D5'7, itself an product of a grafting
exercise. This framework consists essentially of a heavy
chain variable domain derived from the germline IGHV
3-66 (IMGT), VH 3-18 (Vbase), Locus DP 3-66 (DP-86)

and a the kappa light chain variable domain derived from,
germline IGKV 1-39 (IMGT), VK 1-1 (Vbase), locus DP

O12.

A homology model of MOC31 was built and compared to
the X-ray structure of the human 4D3 version 8 Fv fragment
(pdb entry 1ivc). Potential antigen contact residues were
identified by an analysis of antibody-protein antigen com-
plexes 1n the Brookhaven Protein Database (FIG. 1A).
Based on this information, rather than on Kabat definitions,
it was decided which residues to take from the 4D5 frame-
work and which ones to take from the MOC31 sequence.
The resulting graft did thus not strictly follow the CDR
definition according to Kabat et al. (1979) or Chotia (see
Allazikani et al., 1997), but includes two residues (LL64 and
[.66) which determine the conformation of the “outer loop™
of VL (residues L66-1.71). The tip of this loop was shown to
contact the antigen in some complexes, and an intluence of
this loop on the conformation of CDR L1 could not be
excluded. Residue L66 usually 1s Gly 1n kappa light chains
and assumes a positive ¢ angle. If this residue 1s replaced by
a non-Gly residue (Arg i 4D3), the outer loop assumes a
different conformation, bending away from the domain. In
V., 1n addition to CDR HI, residues H27 to H30 were
included, while some residues at the base of CDR2 were
omitted (H62 and H63), despite being part of CDR H2
according to CDR definitions (Kabat et al. (1979); Allazi-
kani et al., 1997), and several residues 1n the “outer loop™ of

V o, sometimes referred to as CDR4, were included (residues
H69, H71, H75-H77), resulting 1n the construct 4D5SMOC-A

(FIG. 1A).

Analysis of the conformations of V., domain frameworks
revealed that these can be classified according to their
framework conformation into 4 distinct subgroups. The
conformational differences are most noticeable in frame-
work 1 (FR1), particularly in positions H7-H10, although
correlated sequence and conformational differences are
found throughout the molecules, mvolving several core
residues”’. These conformational changes are probably
caused by the different hydrogen bonding patterns which the
tully buried Glu Hé6(as 1 4D5) or Gln H6 (as 1n MOC31)
establishes 1n the core of the domain, and are further
influenced by the nature of residue H9 (Pro, Gly or other
residues)””. Saul and Poijak (1993) reported correlated
structural changes aflecting residues H9, H18, H82, H67 and
H63 which relay the effects of changes 1n FR1 conformation
across the domain core to the base of CDR2, thus potentially
cnabling them to potentially affect antigen binding.

According to this classification, MOC31 belongs to a
different subclass than 4D3. Since we did not know to what
extent these framework classes affect the functionality of a

loop graft, we decided to test this aspect experimentally.
While 1n construct 4D5MOC-A the V., domain framework

was changed to the 4D35 subtype, 4D5MOC-B fully retains
the MOC31 core packing as well as the conformationally
critical residues H6 and H9. To achieve this, eight additional
framework residues of the anti-EGP-2 single-chain Fv frag-

ment sequence (H6, H9, H18, H20, H38, H63, H82 and
H109) had to retain the MOC31 sequence. All of these
changes are located 1n the lower half of the sckFv (FIG. 1),
and with the exception of the Gly to Pro substitution 1n
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position H9, are buried in the core of the domain. They are
therefore not expected to atlect the immunogenicity of the
construct.

For introduction of the AflII restriction site 1t was neces-
sary to modily the C-terminal sequence of the V,-domain 1n

all constructs from FIKRA to ELKRA, which should not
aflect the domain structure.

Expression and Purification of scFv Constructs

For scFv 4D35 usually 1-2 mg pure protein could be
purified from one, liter of culture, while for scFv MOC31 the
yield was much lower. After two steps of purification scFv
MOC31 vielded only 200 ug at a purity of about 70%.
Coexpression of skp®? increased the yield to 600 ug, but
there was still a 20 kDa degradation product present. The

grait variant scFv 4D5MOC-A could be punified to a yield
of 400 ug and 4D5SMOC-B to 1 mg at a purity over 95%.
Both single-chains, Fv fragments could be concentrated to 1
mg/ml and were analyzed on a reducing SDS-PAGE (FIG.
2). Mass spectrometry of both molecules showed the

expected molecular weight of 29,855 Da for sckv
4D5SMOC-A and 29,897 Da for scFv 4D5MOC-B.

Binding Specificity

The transier of the anti-EGP-2 binding specificity of scFv
MOC31 onto the framework of scFv 4D3 was shown to be
successiul for both variants, 4D5MOC-A and 4DSMOC-B,
by binding competition of the radiolabelled grait variants to
EGP-2 overexpressing SW2 cells. Only the monoclonal
antibody MOC31 could inhibit binding of the grait variants,
whereas an irrelevant control antibody did not compete
(F1G. 3A). No cross-reactivity of the grafted molecules were

seen when mcubated on c-erbB2 or EGF-receptor (extracel-
lular domain) (FIG. 3B).

Determination of K,

High-athinity binding with long residual time on the
specific target antigen 1s regarded as one of the most
important characteristics of antibodies for tumor targeting.
To ensure that binding atlinity was conserved in the grafting
experiment dissociation constants of the radiolabelled
single-chain Fv fragment were determined on cells 1 a
radioimmunoactrvity assay (RIA). The grait variants show
specific and similar binding behavior comparable to the
parent anti-EGP-2 single-chain Fv fragment in the nanomo-
lar range (Table 1).

Binding kinetics of unlabelled scFv fragments to 1mmo-
bilized EGP-2 were also analyzed by surface plasmon
resonance (Table 1) 1in the BIAcore instrument (Pharmacia).
To minimize rebinding eflects which could lead to an
underestimation of the off-rates, we used low density coating
and high tlow rate. ScFv MOC31 showed stable binding on
its target with a half-life of about 38 min consistent with an
independent determination (half-time of 33 min)’". The K, s
values of scFv 4D5SMOC-A and 4D5SMOC-B were very
similar to the parent sckFv MOC31 (Table 1), indicating that

the full transter of the binding properties of sckFv MOC31 on
the 4D5-framework was successtul.

Analytical Gel Filtration and Test of Thermal Aggregation

For many applications of scFvs it 1s crucial to concentrate
these molecules and to incubate them at elevated tempera-
tures. The biophysical behavior of these molecules 1s then
often the threshold for their applicability 1n vivo. Therefore
we tested the aggregation behavior of the scFvs at high
concentrations and elevated temperatures. While 4D3,
4D5SMOC-A and 4D5MOC-B could be concentrated to 1
mg/ml by ultrafiltration, the MOC31 scFv precipitated at
concentrations above 400 ng/ml. At this concentration, about
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10% of the total protein eluted as high molecular weight
aggregates on analytical gel filtration with the Smart gel
filtration system (Pharmacia) on a Superdex 75 column.
Almost 90% of the protein eluted at a volume of 1.27 ml as
expected for the monomeric species. However,already
within 30 min at 37° C., approximately 85% of the protein
precipitated. The remaining 15% soluble protein eluted as a
monomericnspecies (data not shown).

The two grafted vanants 4D5MOC-A and 4D3MOC-B
cluted at a volume of 1.20 ml, corresponding to a molecular
weight of 30 kDa, indicating that both single-chain Fv
fragments exist as monomers at a concentration of 1 mg/ml.
Although 4D5MOC-A precipitated more slowly than
MOC31, overnight incubation 1n PBS at 37° C. for 20 hrs
and subsequent gel filtration showed nearly no eluted protein
(FIG. 4A). Incubated under the same conditions,
4D5MOC-B still eluted as a symmetric peak at a volume of
1.20 ml (FIG. 4B), indicating a large difference in intrinsic
(thermal) stability of the two variants. Most importantly,
4D5SMOC-B, was thereby shown to have the biophysical
properties required for 1n vivo application.

His-Tag Specific ~”""Technetium-Labeling

The single-chain Fv fragments were labelled with "™ Tkc,
using a new method in which ”””*Tc-tricarbonyl-trihydrate is
stably bound to the C-terminal penta- or hexahistidine tag of
recombinant proteins (Waibel et al, 1999). All sckFv frag-
ments, except the original sckFv MOC31, could be labelled at
3’7° C. and at a protein concentration of 1 mg/ml, resulting
in 30-40% of the initial ™ Tc incorporated, giving a final
specific activity of 300-400 mCi/ml. For the aggregation-
prone scEFv MOC31, the incubation temperature had to be
lowered to 30° C. and the maximal possible protein con-
centration was 400 ug/ml, resulting in a decreased incorpo-

ration vield (25% of total Tc, 250 mCi/ml).

Determination of Immunoactivity After Incubation 1n Serum
at 37° C.

We determined the fraction of scFv molecules still active
after 7™ Tc labeling (FIG. 4C)*” and after incubation of the
labelled fragments 1n human serum for 20 h at 37° C. (FIG.
4D). For scFv MOC31, we found 67%z=5.4 of the protein
still active 11 the labeling reaction was performed at 30° C.
The other fragments showed 47.25%+4.9. active for sckFv
4D5SMOC-A, 74.5%+x8.3 {for scFv 4DSMOC-B and
87.3%=6.4 for scFv 4D3, all labelled at 37° C. To test serum
stability, the scFv fragments (17 ug/ml) were incubated, 1n
human serum at 37° C. for 20 hours and the remaiming
immunoactivity determined. ScFv MOC31 was found to be
completely inactive after overnight incubation, therefore
carlier time points were measured. Already after 1 h, the

activity had dropped to 6.32%=0.17 (9.4% of the mitial
immunoactivity). After 4 h, only 1.95%z0.175 (2.9%)
remained active. In contrast, the activity of 4D3SMOC-A
dropped trom 47.25%+4.9 to 8.1%=4.7 (17.1% of the mitial
value) over 20 h, that of scFv 4d5MOC-B from 74.5%=8.3
to 36%=x1.6 (48.3%) and that of scFv 4D3 from 87.3%z=6.4
to 40.45%=8.75 (46.3%), confirming the different thermal

stabilities found 1n the gel filtration assay.

In vivo Characterization—Clearance and Biodistribution

Biodistribution studies were then performed for scEFv
7?"Tc-labelled scFvs MOC31, 4D5, 4D5SMOC-A and
4D5SMOC-B. For sckFv MOC31 we were unable to get a
tumor-to-blood ratio higher than 0.92 after 1 h, 4 h and 24
h (n=3, each time point). After 24 h the total dose at the
tumor was 1.24% ID/g tissue, but also 1.34% ID/g in the
blood, which was very high in comparison to the 3-5 fold
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lower values usually found 1n the blood after 24 h with that
labeling method (Table 2). In contrast, the biodistribution of
7" Tc labelled.scFv 4D5 gave a tumor-to-blood ratio of 8.3
aiter 24 h with a total dose of 1.5% ID/g on SK-OV-3 cells
(Waibel et al., 1999), similar results were reported for the
anti-c-erbB2 scFv C6.5°*. For 4D5MOC-A we found after
24 h only a weak enrichment with a total dose o1 0.84% ID/g
and a tumor-to-blood ratio of 1.95 (Table 3), while the 1n
vivo application of scFv 4D5SMOC-B 1n SW2-tumor-bearing
mice resulted 1n a tumor-to-blood ratio of 5.25 after 24 h
with a total dose of 1.47% ID/g at the tumor. The maximal
dose at the tumor was measured after 4 h with 1.82% ID/g,
which then decreased very slowly, reflecting fast and stable
binding of scFv 4D5MOC-B to the antigen (Table 3). For the
nonspecific anti-fluorescein control scFv FITC-E2'> no
enrichment at the tumor site was found (Table 4).
Clearance studies revealed scFv 4D5SMOC-B as a very
rapid clearing molecule with a t;,,0=6 min and t, ,p=228
min. The comparison with scFv 4b3> with a measured
t, »(a)=7.5 min shows that the excellent clearing behavior,
which 1s a prerequisite for the achievement of high tumor-
to-blood-ratios 1s not lost by the loop graiting.

DISCUSSION

It has been reported that indium-DTPA-labelled mAb
MOC31 localized to primary tumor and metastases in a
clinical trial with small cell lung cancer patients, but 1t was
not superior to other diagnostic methods e.g. computer-
tomography scan®. A chemical fusion of mAb MOC31 with
the exotoxin-A (ETA) led to growth delay for large tumors
(120 mm®) in nude mice, and it was proposed that the
reduction of the targeting antibody 1n size would increase the
efficiency®. It remains to be tested whether the improved
tissue penetration and faster clearance rate of the much
smaller anti-EGP2 scFv fragment will yield better results or
whether 1ts increased ability to access to normal EGP-2-
expressing epithelial tissues, not accessible to mAbs due to
their molecular weight of 150 kDa', will limit the resolving
power of the method. The improved sckFv can serve as a
building block for other recombinant molecule formats such
as dimerized and multimerized scFv, Fab or (Fab)® 11 to
optimize size- and avidity eflects. They can also be fused to
other effector domains 1n the construction of antibody frag-
ment based therapeutics. A sckFv MOC31-ETA fusion was in
vitro on SW2 cells ten thousand times more toxic than the
mab MOC31-fusion with ETA (Zimmermann, unpublished
results). The original unmodified scFv MOC31 was also
used for the construction of a diabody with CD3 specificity
for T-cell retargeting. In this format scFv MOC31 appeared
to be somehow stabilized and a half life of 12 h has been
reported, but the yield was as poor as for scFv MOC31
alone”’ and an in vivo application was not reported so far.

During the modelling we noticed that the V., domain of
the framework template 4D3 belongs to a different structural
subclass than the loop donor MOC31. Since there are several
examples 1n the literature 1n which a simple loop graft failed
and the chimeras had to be rescued by multiple additional
back-mutations’°, we directly designed a second chimera in
which the structural subclass and core packing of MOC31
was retained. This involved changing of eight additional
residues, mostly 1n the core, to the murine sequence, than
essentially corresponding to a resurfacing of the MOC31 V,,
domain. These additional mutations had no eflect on antigen
allinity, but they had a beneficial eflect on the stability of the
chimera. The additional mutations 1n 4D5SMOC-B vielded a

molecule which behaved very similar to the very well
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behaved 4D35 scFv. This 1s remarkably, as 4D5MOC-B 1s
turther removed 1n sequence from 4D5 than 4D5MOC-A
and suggests that 1t may be critical to maintain a framework
class, as defined by residues H6, H7 and H9 throughout and
not mix the framework as these residues are interrelated.
Furthermore, while 4D5MOC-B 1s closer 1 sequence to
MOC31, the latter molecule 1s the least stable of all.

It has recently been shown that the V, domain of 4D3 1s
exceptionally stable and the thermodynamic stability of the
4D5 scFv is limited by intrinsic stability of its V,, domain°.
Grafting of the MOC31 antigen 1nteraction surface onto this
fragment resulted in a chimera of intermediate stability. This
could be due to unfavorable interactions within the gratted
loops or between grafted core residues and incompatible
framework core residues. However, there are few contacts
between those framework residues in the lower core which
differ between 4D5 and MOC31 and core residues from the
grafted loops, the two being separated by a layer of con-
served residues (FIG. 1). The main direct contact between
the residues changed in the loop graft and the group of
residues additionally changed in 4D5MOC-B i1s between
Met H48. (Val 1n 4D3) and Phe H63 (Val 1n 4D5 and 1n
4D5MOC-A). If there had been a steric clash 1n the original
grait, we would have expected the situation to be aggravated
by the substitution of the contact residue with a larger
residue. It 1s therefore more likely that the destabilizing
influence of the loops has been compensated by a general
stabilization of the domain core.

The additional stabilization achieved by the core muta-
tions 1 4D5MOC-B was of crucial importance for effective
enrichment at the tumor site. The most stable construct,
4D5SMOC-B, enriched to 1.47% ID/g tissue with a tumor-
to-blood ratio of 5.25. The aggregation-prone MOC31was
cleared from the circulation much more slowly than the
more stable control antibodies and chimeras. It remains to be
seen to what extent a further increase 1n stability can further
improve the total dose enrichment and tumor-to-blood
ratios.

We demonstrate in this study that the strategy of engi-
neering for folding and stability 1s general tool for the
improvement of interesting antibody-fragments. We used as
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an example the conversion of an unstable and poorly
expressing murine anti-EGP-2 scFv, which failed 1n vivo, to
a well expressing and very stable humanized antibody
fragment of the same specificity. E also report in vivo
targeting of EGP-2 presenting xenografts in CD1 nude mice
for the first time. The engineered sckFv 4DSMOC-B over-
comes the limitations of scFv MOC31 and will be an
important a building block for the development of new
imaging and therapeutic antibody fragment-based reagents,
directed to EGP-2 expressing carcinomas. We believe that 1n
addition to the use of large library repertoires from which
new antibody fragments with outstanding properties can be
selected, the engineering for folding and stability of recom-
binant molecules 1s of extraordinary importance for their
widespread future use in all applications, and especially
those 1n tumor medicine. It must be emphasized again that
biophysical properties strongly influence the ability of a
scFv fragment to target to a tumor site, even when the
complementary determining regions and the binding con-
stants are 1dentical. This indicates that the biophysical
properties of an antibody fragment have a far greater impor-
tance for the biological performance than has been generally

appreciated up to now.

TABLE 1

Comparison of affinities and kinetic rate constants as
determined by radioimmunoassay (RIA) on SW2 cells
and surface plasmon resonance (BlAcore)

RIA Surface plasmon resonance (SPR)
on SW2 cells k.. k_er
Antibody Kd* (nM) Kd* @mM) (10°Mts™h (1072 s7h
sckFv 10.8 = 2.6 3.0 0.99 £+ 0.01 0.3 = 0.01
MOC31
4D5MOC-A 3.6 + 0.5 3.5 1.29 £ 0.001 045 £ 0.001
4D5MOC-B 3.7 £ 0.5 3.9 1.84 £ 0.02  0.717 £ 0.001

Measurements were performed at 4° C.* and 20° C.2

TABLE 2
Biodistribution of 99mTc-labeled scFvs: in Balb/C-nude mice xenografted with
SW2-tumors
Schv MOC31 FITC-E2
1 h(n=3) 4h(n=23) 24 h (n = 3) 24 h (n = 3)
Organs % ID/g % ID/g % ID/g % 1D/g
Blood 846 £ 0.87 5.55 £ 1.98 1.34 = 0.15 0.5 £0.13
Heart 5.1 £0.34 5.32 £ 1.36 1.39 + 0.25 047 £0.23
Lung 7.37 £ 0.95 7.14 + 1.61 2.09 = 0.5 0.58 £0.16
Spleen 14.86 = 1.91 17.84 = 2.77 7.6 £ 0.56 1.2 £ 0.09
Kidney 253.69 = 10.64 263.28 + 43.1 117.4 £12.2 224.09 + 40.4
Stomach 471 £ 1.04 4.08 = 1.04 1.28 + 0.21 0.25 £0.14
Intestine 5.85 £ 0.34 54 £ 1.97 1.56 £ 0.07 0.34 = 0.04
Liver 35.03 £ 0.86 44.8 = 9,54 20.38 £ 3.44 444 + 0.65
Muscle 1.64 = 0.23 1.57 £ 0.36 0.75 = 0.82 0.31 £0.15
Bone 5.97 £ 0.41 6.01 = 1.71 2.04 + 0.68 0.57 £ 0.3
Tumor 246 = 0.88 3.97 £ 1.07 1.24 + 0.74 04 +0.2
Tumor-to- 0.29 0.71 0.92 1.35

blood ratio

Biodistribution of **™Tc-labeled scFv MOC31 and FITC-E2 was studied in eight-week-old
female Balb/C nude mice which bear 17 days old SW2-tumors after injection of the radiola-
beled antibodies into the animals. The numbers represent % injected dose per gramm tissue

(%

)/g). The results are expressed as the mean.
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TABLE 3

Biodistribution of *™technetium-labeled scFvs: in CD1-nude mice xenografted
with SW2-tumors

20

4D5SMOC-B 4D5SMOC-A FITC-E2
1 h{(n=23) 4h(n=3) 24 h (n = 3) 24 h (n = 3) 24 h (n = 3)
Organs % ID/g % ID/g % ID/g % ID/g % ID/g
Blood 2.92 + 0.47 1.31 £ 0.23 0.28 £ 0.06 0.43 £ 0.20 0.17 = 0.02
Heart 0.97 £ 0.21 0.57 = 0.11 0.28 £ 0.09 0.63 £ 0.18 0.16 = 0.04
Lung 3.2 +1.29 1.2 + 0.08 1.14 £ 0.60 1.77 £ 0.95 0.24 + 0.05
Spleen 0.61 £ 0.06 0.67 £ 0.19 0.7 +0.13 1.57 £ 0.44 0.22 = 0.04
Kidney 120.79 + 7.19 140.56 + 3.94 300.17 + 85.2 90.53 £ 524 383.91 = 57.3
Stomach 0.48 + 0.09 0.49 £ 0.1 0.24 £ 0.21 0.26 £ 0.07 0.26 = 0.13
Intestine 1.33 = 0.64 0.71 £ 0.06 0.30 £ 0.07 0.48 £ 0.15 0.21 = 0.07
Liver 6.49 + 1.53 6.86 = 0.32 2.38 £0.52 437 = 1.87 1.33 =+ 0.33
Muscle 0.27 + 0.01 0.17 £ 0.03 0.1 +0.02 0.21 = 0.09 0.07 = 0.01
Bone 0.29 + 0.21 0.21 £ 0.16 0.06 £ 0.05 0.25 = 0.31 0.06 = 0.05
Tumor 1.74 = 0.51 1.82 = 0.22 1.47 = 0.32 0.84 + 0.38 0.23 + 0.04
Tumor-to- 0.59 1.38 5.25 1.95 1.35

blood ratio

Biodistribution of **™Tc-labeled scFv 4D5MOC-A, 4D5MOC-B and FITC-E2 was studied in eight weeks
old female CD1 nude mice which bear 13 days old SW2-tumors after injection of the radiolabeled anti-

bodies mto the animals. The numbers represent % njected dose per gramm tissue (%o

are expressed as the mean.
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Pro
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Pro
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Tle
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Ala
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Val
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<210>
<211>
<212>
<213>

<4 00>

Ser
Ser

130

Pro

Glu

ASp

Thr
210

Trp

His

115

Gly

Gly

ASP

Trp

Ser

195

Ala

Gly

Gln

Ser

Gly

Thr

Val

180

Val

Gln

SEQUENCE :

Asp Ile Val Met

1

Thr

AsSn

Pro

ASP

65

Ser

Leu

ATrg

Thr

Gly

145

Ala

Ala

Gly

Leu

Agn

Ser

Gly

Gln

50

Arg

Arg

Glu

Thr

2la

130

Pro

Ser

Pro

Glu

Glu

210

Glu

Ala
Ile
35

Leu

Phe

Val

Tle

Pro

115

Agn

Glu

Gly

Gly

Ser

195

Thr

ASP

Ser

20

Thr

Leu

Ser

Glu

Pro

100

Ser

Ser

Leu

ATrg
180

Thr

Ser

Thr

Vval

Glu

Ser

Tvr

165

2la

Leu

Ser

Gly
245

SEQ ID NO 2
LENGTH:
TYPE:
ORGANISM: Mus
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PRT

2

Thr
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Tle

Tle
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Ala
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Arg

His

Gly

Thr
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Gly

Ala

Ala

Pro

Val
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Tle

ATrg
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Thr
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Leu
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Glu
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Ala

Ser
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135

Arg
His
Ile
Arg

Met
215

Trp
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Ser
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Gly
Asp
Phe
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Ser
135

Pro
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AsSp

Ala
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120
Leu

Leu

Trp
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Agn

Gly

Val

Ala

ATrg

Trp

40
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Ser

Val

Gly
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Gly

Gly

Agn

Trp
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Ala

Phe

Gly

Val

Ser

Val

Pro

185

Thr

Ser

Gly

Thr

Phe

Ser

25

Ser

Gly

Gly

Gly

105

Gln

Ser

Glu

Met
185

Phe

Gly

Glu

Arg

170

Thr

Tle

Leu

ASpP

Val
250

Ser

10

Thr

Leu

Agn

Thr

Val

50

Gly

Val

Gln

Thr

Gly

170

Gly

Leu

2la

Pro

Ser

Ala

155

Gln

Agn

Ser

ATrg

Gly

235

Ser

Asnh

Gln

Leu

ASDP

75

Thr

Pro

Val

Val

155

Met

Trp

Gly

Gln

ATrg

-continued

Thr

Gly

140

Ala

Ala

Gly

Ala

Ala

220

Phe

Ser

Pro

Ser

Ala
60

Phe

Ser

Gln
140

AsSn

Tle

ATYg

Tle
220

Phe

Ala
125

Gly

Ser

Pro

Asp
205

Glu

val

Leu

Pro
45

Ser

Thr

Leu

Ala
125

Leu

Tle

Trp

AsSn

Phe

205

Agh

Ala

Agn

Gly

Gly

Gly

Thr

190

Thr

ASP

Ala

Thr

Leu

30

Gly

Gly

Leu

Ala

Glu

110

Gly

Gln

Ser

Val

Thr

120

Ala

AgSh

Tle

Ser

Leu

Phe

Lys

175

Arg

Ser

Thr

Met

Leu

15

His

Gln

Val

Arg

Gln

55

Tle

Gly

Gln

Lys
175

Phe

Leu
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Gly

Val

Agn

160

Gly

Ala

ASpP
240

Gly

Ser

Ser

Pro
Ile
80

Agh

Pro

Ser

Lys

160

Gln

Thr

Ser

Gly

26



225

230

27

235

-continued

Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQUENCE :

Asp Ile Gln Met

1

ASp

Asn

Pro

Ser

65

Ser

Leu

ATrg

Thr

Gly

145

Ala

Ala

Gly

Leu

Ala

225

ASpP

<210>
<211>
<212>
<213>

<4 00>

ATrg

Gly

Lys

50

ATrg

Ser

Glu

Thr

Ala

130

Pro

Ser

Pro

Glu

ASpP

210

Glu

Val

Ile

35

Leu

Phe

Leu

Tle

Pro

115

AgSh

Gly

Gly

Gly

Ser

195

Thr

ASP

Trp

Thr

20

Thr

Leu

Ser

Gln

Pro

100

Ser

Ser

Leu

Tyr

Lys

180

Thr

Ser

Thr

Gly

SEQUENCE :

Asp Ile Val Met

1

Thr

Sexr

Ala

Ser
20

Asn Gly Ile Thr

245

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of Artificial Sequence:
scFv fragment 4DSMOC-B

253
PRT

3

Thr
5

Tle

Tle

Ser

Pro

85

Arg

His

Gly

Vval

Thr

165

Gly

Ala

2la

Gln
245

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Mus

113
PRT

4

Thr
5

ITle

Gln

Thr

Leu

Ser

70

Glu

Thr

Asn

Thr

Gln

150

Phe

Leu

Ala

Ser

Vval

230

Gly

SP .

Gln

Ser

Gln

55

Gly

Asp

Phe

Ser

Ser

135

Pro

Thr

Glu

AsSp

Ala

215

Thr

Ser

Pro

ATrg

Trp

40

Met

Ser

Phe

Gly

His

120

Gly

Gly

Agn

Trp

Ser

200

Ala

Tyr

Leu

Ala

Ser

Ser

25

Ser

Gly

Ala

Gln

105

Gln

Ser

Gly

Met
185

Phe

Leu

Phe

sSer Cys Arg Ser

25

Leu Tyr Trp Tyr

250

Sexr

10

Thr

Gln

Agn

Thr

Thr

50

Gly

Val

Glu

Ser

Gly

170

Gly

Leu

2la

Thr
250

Ser
10

Thr

Leu

Leu

Gln

Leu

ASpP

75

Thr

Pro

Val

Val

155

Met

Trp

Gly

Gln

Arg

235

Val

Ser

Ser

Ala
60

Phe

Ser

Gln
140

AYg

Asn

Tle

ATYg

ITle

220

Phe

Ser

Ala

Leu

Pro

45

Ser

Thr

val

Ala

125

Leu

Tle

Trp

Agh

Phe

205

Asn

Ala

Ser

Ser

Leu

30

Gly

Gly

Leu

Ala

Glu

110

Gly

Val

Ser

Val

Thr

120

Thr

Ser

Tle

2sn Pro Val Thr

Lys Ser Leu Leu

30

Gln Lys Pro Gly

Val
15

His

Val

Thr

Gln

55

Leu

Gly

Gln

Lys

175

Phe

Leu

Leu
15

His

Gln
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anti-EGP-2

Gly

Ser

2la

Pro

Tle

80

Agn

Pro

Ser

Ala

160

Gln

Thr

Ser

ATrg

Gly
240

Gly

Ser

Ser

28



29

Agn

Leu

Gly Thr Asp

75

Gly Val Tyr

90

Gly Gly Thr

35 40
Pro Gln Leu Leu Ile Tyr Gln Met Ser
50 55
Asp Arg Phe Ser Ser Ser Gly Ser
65 70
ser Arg Val Glu Ala Glu Asp Val
85
Leu Glu Ile Pro Arg Thr Phe Gly
100 105
ATrg
<210> SEQ ID NO 5
<211> LENGTH: 113
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
peptide
<400> SEQUENCE: 5
Asp Ile Gln Met Thr Gln Ser Pro Ser
1 5
Asp Arg Val Thr Ile Thr Cys Arg Ser
20 25
Asn Gly Ile Thr Tyr Leu Tyr Trp Tvr
35 40
Pro Lys Leu Leu Ile Tyr Gln Met Ser
50 55
Ser Arg Phe Ser Ser Ser Gly Ser Gly
65 70
Ser Ser Leu Gln Pro Glu Asp Phe Ala
85
Leu Glu Ile Pro Arg Thr Phe Gly Gln
100 105
ATrg
<210> SEQ ID NO 6
<211> LENGTH: 113
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
4D5MOC-B peptide
<400> SEQUENCE: 6

Asp Ile Gln Met

1

ASpP

Agn

Pro

Ser

65

Ser

Arg

Gly

Lys

50

Arg

Ser

Val

Tle

35

Leu

Phe

Leu

Thr

20

Thr

Leu

Ser

Gln

Thr
5

ITle

Ile

Ser

Pro
85

Gln

Thr

Leu

Ser
70

Glu

Ser

Gln
55

Gly

AsSp

Pro

Arg

Trp

40

Met

Ser

Phe

Ser

Ser

25

Ser

Gly

Ala

Sexr

10

Thr

Gln

Agn

Thr

Thr

50

Gly

Ser

10

Thr

Gln

Agn

Thr

Thr
90

Leu

Gln

Leu

ASpP
75

Thr

Leu

Gln

Leu

ASpP
75

-continued

Ala
60

Phe

Ser

Ser

Ala
60

Phe

Ser

Ser

Ala
60

Phe

45

Ser

Thr

Ala

Leu

Pro

45

Ser

Thr

Cys

val

Ala

Leu

Pro

45

Ser

Thr

Cys

Gly

Leu

Ala

Glu
110

Ser

Leu

30

Gly

Gly

Leu

Ala

Glu
110

Ser

Leu

30

Gly

Gly

Leu

Ala

Val

ATrg

Gln
1)

Tle

OTHER INFORMATION: Desgcription of Artificial Sequence:

Val
15

His

Val

Thr

Gln

55

Leu

OTHER INFORMATION: Desgcription of Artificial Sequence:

Val
15

His

Val

Thr

Gln
o5

UsS 7,341,722 B2

Pro

Ile
80

Agn

4D5MOC-A

Gly

Ser

Ala

Pro

Tle

80

Agn

Synthetic

Gly

Ser

Ala

Pro

ITle

80

Agn

30
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-continued

UsS 7,341,722 B2

Leu Glu Ile Pro Arg Thr Phe Gly Gln Gly Thr Lys Val Glu Leu Lys

100 105
ATrg
<210> SEQ ID NO 7
<211> LENGTH: 108
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
4D5 peptide
<400> SEQUENCE: 7
Asp Ile Gln Met Thr Gln Ser Pro Ser
1 5
Asp Arg Val Thr Ile Thr Cys Arg Ala
20 25
Val Ala Trp Tyr Gln Gln Lys Pro Gly
35 40
Tyr Ser Ala Ser Phe Leu Tyr Ser Gly
50 55
Ser Arg Ser Gly Thr Asp Phe Thr Leu
65 70
Glu Asp Phe Ala Thr Tyr Tvyr Cys Gln
85
Thr Phe Gly Gln Gly Thr Lys Val Glu
100 105
<210> SEQ ID NO 8
<211> LENGTH: 116
<212> TYPE: PRT
<213> ORGANISM: Mus sp.
<400> SEQUENCE: 8
Gln Val Gln Leu Gln Gln Ser Gly Pro
1 5
Thr Val Lys Ile Ser Cys Lys Ala Ser
20 25
Gly Met Asn Trp Val Lys Gln Ala Pro
35 40
Gly Trp Ile Asn Thr Tyr Thr Gly Glu
50 55
Lys Gly Arg Phe Ala Phe Ser Leu Glu
65 70
Leu Gln Ile Asn Asn Leu Lys Asn Glu
85
Ala Arg Phe Ala Ile Lys Gly Asp Tvr
100 105
Thr Val Ser Ser
115
<210> SEQ ID NO 9
<211> LENGTH: 116
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
4D5MOC-A peptide
<400> SEQUENCE: 9

Ser
10

Ser

Val

Thr

Gln

50

Tle

Glu
10

Gly

Gly

Ser

Thr

ASp

50

Trp

Leu

Gln

Ala

Pro

ITle

75

His

Leu

Arg

Thr

Ser

75

Thr

Gly

Ser

ASpP

Pro

Ser

60

Ser

ATYg

Thr

Gly

Tvr

60

Ala

Ala

Gln

Ala

Vval

Lys

45

Arg

Ser

Thr

Phe

Leu

45

Ala

Ser

Thr

Gly

110

Ser
Agn

30

Leu

Phe

Leu

Thr

Pro

Thr

30

ASP

Ala

Thr
110

OTHER INFORMATION: Desgcription of Artificial Sequence:

Val

15

Thr

Leu

Ser

Gln

Pro
o5

Gly
15

Agn

Trp

ASP

2la

Phe

55

Thr

OTHER INFORMATION: Desgcription of Artificial Sequence:

Synthetic

Gly

Ala

Ile

Gly

Pro

80

Pro

Glu

Met

Phe

Tyr
80

Leu

Synthetic

32



Glu

Ser

Gly

Gly

Lys

65

Leu

Ala

Thr

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

Val

Leu

Met

Trp

50

Gly

Gln

ATrg

Val

Gln

ATrg

Agn

35

Tle

ATrg

Met

Phe

Ser
115

Leu

Leu
20

Trp

Agn

Phe

Agnh

Ala

100

Ser

PRT

Vval

Ser

Val

Thr

Thr

Ser

85

Tle

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

116

Glu

Phe
70

Leu

4D5MOC-B peptide

SEQUENCE :

Glu Val Gln Leu

1

Ser

Gly

Gly

Lys

65

Leu

Ala

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Val

Met

Trp

50

Gly

Gln

ATrg

Val

ATrg

Agn

35

Tle

ATrg

Tle

Phe

Ser
115

Tle
20

Trp

Agn

Phe

Agnh

Ala

100

Ser

PRT

10

Vval
5

Ser

Val

Thr

Thr

Ser

85

Tle

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

120

4D5 peptide

<400> SEQUENCE :

11

Gln

Phe
70

Leu

33

Ser
Ala
Gln
Thr

55
Ser

Arg

Gly

Ser
Ala
Gln
Thr

55
Ser

Arg

Gly

Gly

2la

2la

40

Gly

Leu

Ala

ASP

Gly

Ala

Ala

40

Gly

Leu

Ala

ASP

Gly
Ser
25

Pro

Glu

ASP

Glu

Tyr
105

Pro

Ser

25

Pro

Glu

ASP

Glu

Tyr
105

Gly

10

Gly

Gly

Ser

Thr

ASp
S0

Trp

Gly

10

Gly

Gly

Ser

Thr

ASp
S0

Trp

Leu

Tyr

Lys

Thr

Ser

75

Thr

Gly

Leu

Tyr

Lys

Thr

Ser

75

Thr

Gly

-continued

Val

Thr

Gly

Tvr

60

Ala

Ala

Gln

Val

Thr

Gly

Tvyr

60

Ala

Ala

Gln

Gln

Phe

Leu

45

Ala

Ser

Val

Gly

Gln

Phe

Leu

45

Ala

Ser

Val

Gly

Pro

Thr
30

Glu

ASP

Ala

Thr
110

Pro

Thr
20

Glu

ASP

Ala

Thr
110

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro

1

5

Ser Leu Arg Leu Ser Cys Ala Ala

20

Tyr Ile His Trp Val Arg Gln Ala

35

40

Ser
25

Pro

10

Gly Phe Asn Ile

Lys
30

Gly Lys Gly Leu Glu

45

Gly
15

Agn

Trp

Ser

2la

Tyr

55

Leu

Gly
15

Agn

Trp

Ser

2la

Tyr

55

Leu

Gly
15

ASpP

Trp

UsS 7,341,722 B2

Gly

Met

Val

Tyr
80

Val

Synthetic

Gly

Met

Phe

Tyr
80

Leu

Synthetic

Gly

Thr

Val

34



UsS 7,341,722 B2

35

36

-continued

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tvyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 o5
Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110
Gly Thr Leu Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 12
<211> LENGTH: 24
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Linker
peptide
<400> SEQUENCE: 12

Thr Pro Ser His Asn Ser His Gln Val Pro Ser Ala Gly Gly Pro Thr

1 5 10

Ala Asn Ser Gly Thr Ser Gly Ser
20

The invention claimed 1s:
1. A stabilized chimeric immunoglobulin or immunoglo-
bulin fragment (chimera) that comprises
1) VH domain antigen-binding loops from a donor immu-
noglobulin or immunoglobulin fragment (donor) which
1s able to bind to an antigen, and
11) VH domain framework regions from an acceptor
immunoglobulin or immunoglobulin fragment (accep-
tor),
wherein the VH domains of said donor and of said acceptor
belong to different framework structure subgroups,
and wherein 1n the chimera one or more of the residues
present at 1dentified framework positions in the acceptor are
replaced by those present at corresponding positions 1n the
donor so that the chimera has increased stability as com-
pared to a chimera wherein the i1dentified framework posi-
tions are not replaced,
wherein said identified framework positions are selected
from the group consisting of H6, H7, H8, H9, H10, H18,
H20, H38, H63, H67, H82 and H109 1n said VH domains,
and wherein said chimera 1s able to bind to said antigen.
2. The chimera of claim 1 wherein one of said 1dentified
framework positions 1s H6.
3. The chimera of claim 1 wherein one of said 1dentified
framework positions 1s HO.

35

40

45

50

15

4. The chimera of claim 1 wherein said acceptor 1s the

human anti-c-ErbB2 scFv fragment 4D35 (SEQ.ID. No. 1).

5. The chimera of claam 4 wherein said donor is the
ant1-EGP-2 scFv fragment obtained from the murine hybri-
doma MOC31 (SEQ ID. No. 2).

6. The chimera of claim 5 wherein said 1dentified frame-
work positions comprise H6, H9, H18, H20, H38, H63, H82
and H109.

7. The chimera of claim 6 which 1s the anti-EGP-2 scFv
fragment 4D5SMOC-B (SEQ.ID. No. 3).

8. A pharmaceutical composition comprising an antigen-
binding mmmunoglobulin or 1mmunoglobulin fragment
according to claim 1 and, optionally, a pharmaceutically
acceptable carrier and/or diluent.

9. A pharmaceutical composition comprising an antigen-
binding immunoglobulin or 1mmunoglobulin fragment
according to claim 7 and, optionally, a pharmaceutically
acceptable carrier and/or diluent.

10. A diagnostic composition comprising an antigen-
binding 1mmunoglobulin or mmunoglobulin fragment
according to claim 7.

11. A diagnostic kit comprising an antigen-binding immu-
noglobulin fragment according to claim 1.
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